
(CANCER RESEARCH 51. 5573-5578. October 15. 1991]

Inhibition of Murine Transformed Leydig Cell Proliferation by Leukotrienes in
Serum-free Culture1

Kazumasa Nishii, Yasuko Nishizawa, Yoshio Nishizawa, Keishi Matsumoto, and Bunzo Sato2
The Third Department of Internal Medicine Â¡K.A'., B. S.] and The Second Department of Pathology [K. M.], Osaka University Hospital, Fukushima-ku, Osaka 553,
and Experimental Pathology fYa. Â¡\'.J,The Center for Adult Disease, .\akamichi, Higashinari-ku, Osaka 537, and the Department of Aneslhesiology [Yo. A7./, Shiga

University of Medical Science, Ohtsu City, Shiga 520-21, Japan

ABSTRACT

We have previously shown that estrogen-dependent growth enhance
ment of murine transformed Leydig cells (B-l F) is mediated through
inhibition of arachidonic acid metabolite formation. In the present study,
the growth-inhibitory ability of leukotrienes (LTs) on B-l F cells in
serum-free culture was directly addressed. All peptidyl LTs (LTC4, LTD4,
and I 11 j) inhibited B-l F cell growth in a dose-dependent manner and
exhibited maximum inhibition of DNA synthesis (60-80%) compared
with that of untreated cells in a range of 10" to III" M. To examine the

mechanism of this LT-dependent inhibition, binding studies of I 11)4
toward plasma membrane were conducted. Specific binding sites for LTD4
were identified. Scatchard analyses indicated the presence of a single
class of high-affinity sites (A',,= 0.9 Â±0.2 inn maximum binding sites,

61 Â±18 fmol/mg protein). This binding of 1 11)4to the high-affinity site
was markedly inhibited by ICI 198615, a specific inhibitor for LTD4.
These results would suggest that inhibitory effects of LTs, at least I 11>4,
are elicited as a receptor-mediated event. In addition, this LT-dependent
growth inhibition could not be blocked by simultaneous exposure of cells
to estrogen, whereas estrogen partially protected arachidonic acid-de
pendent growth inhibition. Furthermore, treatment of cells with estrogen
resulted in marked suppression of 5-lipoxygenase activity. Collectively,
the present data clearly show that LTs play an important role as inter
mediates in an autocrine loop for B-l F cells to exhibit estrogen-dependent
growth.

INTRODUCTION

Phospholipid turnover is an important intermediate for some
growth-modulating factors to regulate the cell proliferation (1).
Particular attention has been paid to growth factor-induced
acceleration of phosphatidyl inositide turnover which activates
protein kinase C and increases the intracellular free calcium
concentration (2). In addition, this enhanced phospholipid turn
over has been reported to be frequently associated with an
enhanced release of arachidonic acid from membrane phospho
lipid (3). Further conversion of arachidonic acid into biolog
ically potent metabolites such as PCs3 and LTs occurs in many

types of cells. However, the biological role of these arachidonic
acid-derived metabolites in the regulation of cell growth re
mains largely unknown. Only a limited number of reports have
been published on PG effects on the growth of malignant cells.
Namely, PGA and PGF series have been reported to induce a
growth inhibition in transformed cells (4, 5). PGD2 and its
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metabolites have been found to exhibit a cytotoxic effect on
cultured tumor cells (6). PGE2 has been shown to have cyto-
static activity against murine leukemia cells pretreated with
interleukin la or tumor necrosis factor a (7). On the other
hand, PGF2 and PGE, are well known to evoke DNA synthesis
and cell division in concert with insulin-like growth factor 1 in
Swiss 3T3 cells (8). In addition to these data on cell prolifera
tion, some eicosanoids have been proposed to be related to the
cachexia of tumor-bearing animals (9).

The role of LTs in the modulation of cell proliferation also
remains largely obscure. Nontransformed cells such as T-lym-
phocyte and rat hepatocyte are sensitive to LTB4 or LTC4 in
terms of cell growth (10, 11). In line with these observations,
transformed cells have been reported to be growth regulated by
LTs ( 12,13), although the details of their molecular mechanism
are still unknown. Furthermore, LTC4 has recently been pro
posed to be an essential intermediate in calcium ionophore-
induced macrophage cytostatic activity against P815 tumor
cells (14). These observations raise the possibility that LTs are
able to regulate the growth of transformed cells in an autocrine
fashion provided that such cells have the ability to synthesize
LTs.

The effects of steroid hormones on arachidonic acid metab
olism have been the matter under debate. Glucocorticoids have
been proposed to induce a phospholipase A2 inhibitor, so-called
lipocortin ( 15). Recent studies have shown that glucocorticoid
inhibits group II phospholipase A2 expression induced by cy-
tokines (16). On the other hand, only a limited number of
reports have described E2-mediated alteration in arachidonic
acid metabolism in rat uteri (17, 18). In dietary studies (19,
20), linoleic acid has been shown to stimulate the growth of
rodent mammary tumor which is a well-characterized estrogen-
dependent tumor, although the involved metabolite is unknown.
Therefore, the study of the role of arachidonic acid metabolites
in the growth of estrogen-sensitive cells would seem to be an
interesting research project. We have investigated the effect of
various inhibitors blocking PG or LT formation on the growth
of estrogen-sensitive murine transformed Leydig cells (B-l F
cell) (21, 22). The inhibitors specific for 5-lipoxygenase en
hanced the growth of B-1 F cells, whereas the cyclooxygenase
inhibitors had only a marginal effect. I also stimulated their
growth and simultaneously inhibited LT synthesis (21). How
ever, direct evidence was not obtained in previous studies that
LTs inhibit the growth of B-l F cells as a receptor-mediated
event. Furthermore, the site of action of E2 in the pathway of
LT synthesis is still unclear. The present study has been de
signed to clarify these unresolved but important issues.

MATERIALS AND METHODS

Cell Culture. The cell line (B-l F) was established as described
previously (21, 22). B-l F cells were plated and subcultured weekly in
HMB-E2 medium which was changed every other day. These cells were
found to be able to be maintained in the serum-free medium without
any aid of exogenous peptide hormones or attaching factors.
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Cell Growth Experiments. The effect of test compounds on the cell
yield or DNA synthesis was examined as previously published (21) with
slight modification. Briefly, B-l F cells were plated into four replicate
35-mm dishes at an initial density of 10' cells/dish in 2 ml HMB

medium supplemented with or without test compounds, and the me
dium was changed every other day. The viable cells were counted on
day 6. DNA synthesis was estimated by measurement of ['H]thymidine
incorporation into B-l F cells which had been precultured in HMB
medium (no r.-) and then stimulated with test compounds for 3 days
(21). When LTs were used as test compounds, the culture media were
changed every day due to their instability (see Table 1).

Preparation for Membrane Fraction. To prepare the membrane frac
tion, B-l F cells were precultured in HMB-E2 medium to reduce LT
formation for 4 days and then collected with rubber policemen. After
being washed twice with 0.25 M sucrose-10 mM Tris-5 mM EDTA (pH
7.5 at 20'C) (Buffer A) at 4"C, cells resuspended in 10 volumes of

Buffer A supplemented with 10 Â»/Kml soybean trypsin inhibitor (Buffer
B) were twice broken with Polytron PT-10 at setting 5 for 10 s. Each
burst was followed by 10-s cooling. The homogenate was centrifuged
at 800 x g for 10 min at 4Â°C.The supernatant was kept and the

precipitate was washed with 10 volumes of Buffer B. The combined
supernatants were further centrifuged at 105,000 x g for 60 min. The
precipitate from centrifugation at 105,000 x g was resuspended in 10
m.M Tris-HCI, pH 7.5, at 20Â°C(Buffer C) by gentle homogenization

with Dounce homogenizer equipped with B pestle and was used as the
membrane fraction (23). The protein concentration of the membrane
fraction was determined by Bio-Rad protein assay kit, using bovine
serum albumin as a standard. The membrane suspension at the protein
concentration of 2 to 5 mg/ml was kept at -80Â°Cuntil use. The marker
enzyme (5'-nucleotidase) was measured by the method of Morre (24).

|3H|LTD4 and |3H|LTC4 Binding Assays. [3H]LTD4 binding assays

were performed in a final volume of 0.3 ml containing the isolated
membrane (approximately 75 ^g protein/tube), 10 mM 1,4-piperazine-
diethanesulfonic acid buffer (pH 6.5 at 20Â°C),10 mM MgCl2, 10 mM

CaCl2, 5 mM cysteine, and 5 mM glycine (23). The various concentra
tions (0.1-2 HM) of [3H]LTD4 were also included in the presence or

absence of 2 MMunlabeled LTD,,. These reaction mixtures were incu
bated at 20'C for 30 min and then quenched by adding 4 ml of ice-cold

10 mM Tris-HCI buffer (pH 7.5). The membrane-associated radioactiv
ity was determined by the vacuum filtration technique (25). To examine
the binding specificity, the membrane fraction was also incubated with
0.5 nM [3H]LTD4 in the presence of increasing concentrations of
unlabeled competitors. The [3H]LTC4 binding studies were performed
under the following standard conditions: 10 mM Tris-HCI (pH 7.5 at
20Â°C),80 mM L-serine-borate, 10 mM CaCl2, 10 mM MgCl2, 5 mM
cysteine, 5 mM glycine, and 3 nM [3H]LTC4, with the various concen
trations of unlabeled LTC4 at 20Â°Cfor 30 min (23). The amount of

radioactivity bound to the membrane was quantified as described above.
LT Metabolism and Lipoxygenase Assays. To identify the conversion

of LTs into metabolites during incubation, LTs present in the media
were extracted and separated by reverse phase high-pressure liquid
chromatography by using a C,8-fiBondapak column as described previ
ously (21). The activities of lipoxygenases (5-lipoxygenase and 12-
lipoxygenase) were measured by incubation of the cytosol with ['HJ-
arachidonic acid (26, 27). Before these assays were performed, B-l F
cells were precultured in HMB medium for 1 day and in fresh HMB
medium containing the test compounds for 2 days. Further stimulation
with the test compounds for 7 h was performed. B-l F cells were then
homogenized in 7 volumes of 20 mM Tris-HCI (pH 7.8 at 20Â°C)-5mM

dithiothreitol (Buffer D) with Polytron PT-10 as described above. The
homogenate was centrifuged at 105,000 x g for 60 min. For the assay
of the 5-lipoxygenase activity, the aliquots of the cytosol were incubated
with 10 MM[3H]arachidonic acid (2-3 x IO6dpm) in 50 mM potassium

phosphate buffer at pH 7.4, 2 mM CaCl2, 1 mM glutathione, and 2 mM
ATP at 30"C for 5 min in a final volume of 0.2 ml. For the assay of

the 12-lipoxygenase activity, the mixture contained 50 mM Tris-HCI
buffer at 7.4, 25 tÃM[3H]arachidonic acid (2-3 x IO6 dpm), and the

aliquots of the cytosol in a final volume of 0.2 ml. Reactions were
performed at 30'C for 5 min. HETEs formed were separated as de

scribed above and the radioactivity in each fraction was measured.

Arachidonic Acid Release Assay. B-l F cells (4 x 105/35-mm dish)
were precultured for 48 h in HMB medium with or without IO"8M E2,
and labeled with [3HJarachidonic acid (0.5 ^Ci/dish) as described pre

viously (22). Following incubation for 4 h, the cultures were washed 3
times to remove unincorporated [3Hjarachidonic acid. These cells were

further incubated for various periods of time to determine the amount
of [3H]arachidonic acid released into HMB medium.

Statistics. The values presented in this communication were mean Â±
SE. When the significant difference was discussed, the paired t test was
carried out.

Materials. LTB4 or LTC4 assay kits, [14,15,19,20-3H]LTD4 (specific
activity, 100-240 Ci/mmol), [14,15,19,20-3H]LTC4 (100-240 Ci/
mmol), [5,6,8,9,11,12,14,15-3H]arachidonic acid (60-100 Ci/mmol),
and [mefA>7-l',2'-3H]thymidine (100 Ci/mmol) were obtained from

DuPont/NEN Research Products (Wilmington, DE). Nonradioactive
LTs were purchased from Cayman Chemical Co., Inc. (Ann Arbor,
MI). Eagle's minimum essential medium and Ham's F-l 2 medium were

from Nissui Pharmaceutical Co., Ltd. (Tokyo, Japan). The radioinert
1.â€¢¿�,bovine serum albumin (crystallized and lyophilized), and trypsin
were from Sigma Chemical Co. (St. Louis, MO). The materials and
solvents for high-pressure liquid chromatography were obtained from
Waters Associates (Bedford, MA) and Burdick & Jackson Laboratories
(Muskegon, MI), respectively. Glass microfiber filters (GF/C) were
obtained from Whatman International Ltd. (Maidstone, England). ICI
198615 was kindly supplied by ICI Pharma (Osaka, Japan). The other
reagents used here were of analytical grade.

RESULTS

Effects of Exogenous Arachidonic Acid on B-l F Cell Growth.
Arachidonic acid was added in the culture medium to examine
its effect on B-l F cell growth. Both cell yield and DNA
synthesis of B-l F cells were suppressed by nrachidi mie acid in
a dose-dependent manner (Fig. 1). Arachidonic acid had more
profound effects on cell yield than DNA synthesis, probably
because longer culture period was used to examine the cell yield
than to measure [3H]thymidine incorporation (see "Materials
and Methods"). These arachidonic acid effects were partially
protected by 10~8 M E2. These results were similar to our

previous observations (21).
Inhibitory Effects of LTs on DNA Synthesis. Peptidyl LTs

were directly added in the culture medium. As shown in Fig. 2,
all LTs (LTC4, LTD4, and LTE4) inhibited DNA synthesis of
1-.-stimii laied B-l F cells, although the values varied from

experiment to experiment. The significant inhibition (P< 0.05)
was observed at 10~9 M and further increase in LT concentra
tions to 10~8 ~10~7 M resulted in slightly enhanced inhibition

to approximately 40% of that of cells without exogenous LTs.
Compared with arachidonic acid-induced growth inhibition,
LTs were unable to completely inhibit DNA synthesis of B-l F
cells even at the high concentrations. In addition, all LTs
examined had the similar potency against DNA synthesis. This
might be accounted for by rapid metabolism of LTs under the
present culture condition. To examine this possibility, LT con
centrations in the culture media were determined (Table 1). As
published previously (21), the addition of 10~8 M E2 lowered

the concentration of all LTs. When LTC4 was added at a
concentration of IO"8 M, a rapid conversion to LTD4 and LTE4

was confirmed during a 7-h culture. This rapid conversion could
be only partially blocked by 3 mM serine-borate complexes,
known as an inhibitor of peptidyl LT metabolism (28). More
over, serine-borate complexes were found to be toxic to B-l F

cells even at 2 mivi (data not shown). Therefore, LTD4 were
mainly used in the following experiments.
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Fig. 1. Effect of arachidonic acid addition on B-l F
cell growth. Arachidonic acid was added in the culture
medium at the concentrations indicated for 6 days III or
3 days (B) in the presence (O) or absence (â€¢)of IO"* M
E2. The initial cell densities were 10*cells/dish (A) and 2
x IO3 cells/well (B), respectively. The effects of arachi
donic acid on the cell number (A) or DNA synthesis (B)
were quantified as described in "Materials and Methods."

These data obtained by triplicate assays were presented
as percentage of control, taking the values of samples
without arachidonic acid as 100%.
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Fig. 2. Inhibitory effects of peptidyl LTs on DNA synthesis of B-l F cells. B-
1 F cells (2 x lOVwell) were cultured for 3 days with various concentrations of
LTs in the presence of 10~*M E2. Their DNA synthesis was analyzed by triplicate
assays as described in "Materials and Methods." The values were obtained by

four separate experiments. â€¢¿�,LTC4; O, LTD4; A, LTE4.

Effects of LTD, on DNA Synthesis of B-l F Cells Stimulated
or Unstimulated with 10~8 M E2. In comparison with the data
on I'.j-stimuhitcd cells, DNA synthesis of unstimulated B-l F

cells was less markedly inhibited by LTD4 (Fig. 3/1). The
percentage values of DNA synthesis obtained by three separate
experiments were depicted in Fig. 3B. Contrary to arachidonic
acid-dependent inhibition, slightly, but nonsignificantly (P >
0.05) higher concentrations of LTD4 were required to inhibit
DNA synthesis of E2-unstimulated B-l F cells than that of E2-
stimulated cells. This difference may reflect E2-dependent in
hibition of endogenous LT formation.

LT Receptors. To address the possibility of whether or not
these LT effects were mediated through their interaction with
respective receptors, the binding assays were carried out by
using the isolated membrane fraction. This fraction showed the
highest 5'-nucleotidase activity among subcellular fractions

examined (data not shown). Scatchard analyses of the binding
data revealed the presence of the high-affinity binding site for
LTD4 (Fig. 4/4). This binding of LTD4 to the membrane was
effectively inhibited by radioinert LTD4 and less markedly

Table 1 Concentrations of LTs in media under various culture conditions
B-l F cells were plated and precultured for 2 days with (a) or without (b) Id " M

Â£2as described in "Materials and Methods." Further incubations were carried

out for 7 h in the fresh media supplemented with various additions and then the
culture media were subjected to assay of LT concentration as described in
"Materials and Methods."

Concentrations of LTs (nM)

AdditionNo

addition (a)
IO"' M E2 (b)
IO'1 M LTC4 (a)
10-'!viE2+ 10-"LTC4 +

3 m\i serine borate (b)LTB41.43

0.45
0.43
0.44LTC41.15

0.25
2.30
3.31LTD40.36

0.09
1.06
0.73LTE41.37

0.35
5.23
2.62

inhibited by radioinert LTC4 or LTE4. Interestingly, ICI 198615
(LTD4 receptor inhibitor) was strongly inhibited by the binding
of LTD4 to the membrane. The dissociation constant (A"d)and

the maximum binding site of this LTD4 binding site were 0.9
Â±0.2 nM and 61 Â±18 fmol/mg protein (n = 3), respectively.
We also studied LTC4 binding sites in the presence of serine-
borate complexes. Although the relatively high-affinity binding
site (iVd,7.5 nM) was identified, the number of the maximum
binding sites was enormously high (~200 pmol/mg protein).

Co

o â€”¿�
D- =i *

o 5

o.
Q

50

10' 10" 10'

Concentrations of LTD< (M)
Fig. 3. Effect of LTD4 on DNA synthesis of B-l F cells stimulated or

unstimulated with EÂ¡.B-l F cells were cultured in the presence of various
concentrations of LTD4 with (O) or without (â€¢)10'* M E2 for 3 days and then

subjected to measurement of DNA synthesis. . I. representative result on the
absolute amount of ['Hjthymidine incorporation obtained by triplicate assays. It,
percentage values, taking the value of the sample without exogenous LTD4 as
100%. These values depicted in B were obtained by three separate experiments.
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Fig. 4. Binding characteristics of LTD4 to membranes isolated from E2-
stimulated B-l F cells. The specific binding of [3H]:LTD4 to the membrane
isolated from B-l F cells stimulated with 10~" M EÂ¡was determined as described
in "Materials and Methods." The data on Scatchard analysis and binding speci

ficity are depicted in A and B, respectively. The competitors used for the experi
ment in B were as follows: â€¢¿�.LTD4; O, LTC4; A, LTE4; x, ICI I98615.

10

Incubation Time ( min )
Fig. 5. Release of [JH]arachidonic acid from r â€¢¿�stimulated or -unstimulated

B-l F cells. B-l F cells (4 X 10!/dish) which had been precultured for 48 h in the
presence (O) or absence (â€¢)of 10~8M E2 were labeled with |3H]arachidonic acid
for 4 h and washed as described in "Materials and Methods." These cells (7 ~9
x 10' dpm/dish) were incubated in the corresponding medium for the indicated
periods of time. These values were obtained by four replicate assays.

Since the specific inhibitor for LTC4 receptor is not available,
the possibility was not eliminated that LTC4 binding sites
identified here are some enzymes, but not LTC4 receptor.

Action Site of Estrogen in Pathway of LT Formation. Since
E2-dependent inhibition of LT formation became evident (Ref.
21; also see Table 1), the following experiments were designed
to clarify the site of action of E2 in the pathway of LT formation.
Arachidonic acid release was examined in E2-stimulated or
-unstimulated B-l F cells. Under the present condition, arachi-
donic acid incorporated into cells was integrated into phospho-

lipids (data not shown). Therefore, a release of arachidonic acid
from cells might be catalyzed by phospholipase A2. As shown
in Fig. 5, E: treatment did not alter the amount of arachidonic
acid released into the medium, suggesting that E2 does not

affect phospholipase A2 activity. Next, 5-lipoxygenase activity
was measured by using the cytosol derived from E2-stimulated
or -unstimulated cells. However, E2 stimulation markedly in
hibited 5-lipoxygenase-catalyzed products, indicating that stim
ulation of B-l F cells with E2 suppresses 5-lipoxygenase activity
(Fig. 6). Three independent experiments revealed that 5-lipox
ygenase activity (5.3 Â±1.7 pmol/5 min/g tissue) in E2-stimu-
lated cells was 38.0 Â±6.0% ofthat (14.2 Â±0.7 pmol/5 min/g
tissue) in unstimulated cells, whereas 12-lipoxygenase activity
was similar in both [{..-stimulated and -unstimulated cells.

DISCUSSION

The present study has clearly demonstrated the growth-inhib
itory ability of LTs against estrogen-sensitive B-l F cells. LTs
exhibited their inhibitory ability at concentrations as low as
10~9-10~8 M. Therefore, it seems to be unlikely that the inhi

bition was due to a nonspecific toxic effect. Moreover, their
maximum inhibitory activity did not reach the levels elicited by
arachidonic acid. The instability of LTs may account for this
difference between LTs and arachidonic acid, and another pos
sibility would be that arachidonic acid-derived metabolites other
than LTs play a role in growth inhibition. In this context, our
previous findings showed that both 5-lipoxygenase inhibitor
and cyclooxygenase inhibitor were required to completely block
arachidonic acid-induced cell death (22).

An important role of LTs and PCs in regulating cell growth
and differentiation has recently been suggested. Tumor necrosis
factor has been reported to activate phospholipase A2 in HL-
60 human promyelocytic leukemia cells (29). Differentiation of
HL-60 cells to granulocytes by dimethyl sulfoxide has also been
observed, and shown to be LTD4 dependent (30). Additionally,
macrophage cytostatic activity against tumor cells has been
proposed to be mediated through LTC4 formation (7). On the
other hand, cyclooxygenase-catalyzed metabolites enhanced the
growth of hepatoma cells in culture (9). In the present study,
all LTs examined showed a similar biological potency. The
results suggest that these LTs are biologically active in terms
of growth inhibition of B-l F cells. Alternatively, the rapid
conversion of LTC4 into LTD4 and LTE4 may explain the
activity of LTC4, although LTC4 itself has no biological activity.

S3.2.<nuCcorioU)nA15HETE

1
i1HETE12HETE5HETE

3 formed
5HETE

formed
12HETE

a>
n

a.
o

15 20

Retention Time (min)
Fig. 6. Suppressed 5-lipoxygenase activity in Ei-stimulated B-l F cells. The

Chromatographie pattern of authentic HETE in high-pressure liquid chromatog-
raphy system used here was depicted m A. The 5-lipoxygenase and 12-lipoxygen
ase assays were carried out by using E3-unstimulated (IH)or -stimulated (O) B-l
F cells as described in "Materials and Methods" (B). The radioactivities in
fractions for 5-HETE and 12-HETE were counted to quantify 5-lipoxygenase and
12-lipoxygenase activity, respectively. The values were obtained by three separate
experiments.
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These two possibilities could not be explored since serine-borate

complexes, the inhibitors for this conversion (28), could not be
used in our culture condition owing to their toxic effects.
Nonetheless, the present study suggests that LTD4 and LTE4,
both of which are known to interact with the same cell-surface
receptor (31), are biologically active.

LT receptors have been identified in many types of cells.
Particularly, LTC4 and LTD4 receptors in smooth muscle cells
and leukocytes have been well characterized (32-35). According
to these observations, the Ka values of LTC4 toward its receptor
are in the range of 5 to 50 nM (32-34). The Ka of the LTC4
binding site on the membrane of B-l F cells was also found to

be 7.5 nw. The abnormally high number of the maximum
binding site suggests that this site is not the putative receptor,
although the I TD4 binding site could be classified as such in
view of its binding parameters and ligand specificity. Further
more, ICI 198615, an LTD4 antagonist (36), was able to inhibit
the binding of LTD4 to the membrane, confirming the presence
of LTD4 receptor. Furthermore, the Ka value of the receptor
was similar to that obtained by using alveolar macrophages or
muscle cells (37, 38). Compared with these typical target cells,
the maximum binding site of B-l F cells have the smaller
number. Human lung membranes have been reported to contain
LTD4 receptor with a number similar to that of B-l F cells
(39). Only a few papers have been published on LTD4 receptor
in transformed cells. Rat basophilic leukemia cells have been
reported to have LTD4 receptors with high density (35). Even
though LTD4 receptors of B-l F cells are of low density, the
present study has clearly demonstrated that stimulation of
LTD4 receptor, with its respective ligand, elicits profound in
hibitory effects on B-l F cell growth.

The molecular mechanism of estrogen-induced enhancement

of transformed cell growth remains largely obscure. Combined
with our published data (21), E2 has been shown to inhibit LT
formation in B-l F cells. To our knowledge, this is the first
report that LTs play a role as intermediates in an E2-dependent
autocrine loop. Many investigators have noted E2-induced syn
thesis of some growth factors in transformed estrogen target
cells (40). Our observations are not incompatible with such a
growth factor theory, since growth factors may modulate LT
formation, although the possibility needs careful study. In ad
dition, the mechanism of E2-induced inhibition of 5-lipoxygen-
ase activity should be clarified at the molecular level. In this
regard, retinoid has been reported to inhibit LTC4 production
in horse eosinophils (41), and interestingly, B-l F cells are

growth stimulated by retinoid (42). Retinoid effects on LT
formation in B-l F cells are currently under investigation in

our laboratory.
Finally, we would like to discuss our present data relevant to

clinical significance. A 5-lipoxygenase inhibitor is used as a
therapeutic against various allergic diseases (43). Chronic ad
ministration of these inhibitors may possibly enhance the
growth of estrogen-sensitive malignant cells, and in fact, we
found evidence in previous studies that the growth of B-l F
cells was stimulated in the presence of 5-lipoxygenase inhibitor
(21, 22). To continue with this line of study, the effects of
arachidonic acid and LTs on the growth of human mammary
carcinoma cell lines should be examined. A major problem,
however, is that the serum used in almost all culture systems
converts LTs to various metabolites (14). Therefore, serum-free

culture systems are requisite for examining the effects of LTs
on cell growth.
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